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PRESSURE DISTRIBUTIONS AND FORCE TESIS
OF AN NACA €5-210 AIRFOIL SECTION
WITH A 5Q-PERCENL-CHORD FLA®

By Milton M. EKlein .
EUMRBATYY

Pressure distributlions and force measurements were made in
the Langley twotdimensional low-turbulence -ressure tunnel abt
low Mach muwbers and high Reynolds numbers of an HAGA 65-210 airfoll )
egulpped with a 50-percent-chord plain flap. The tests wers
carried out for flap deflections of 0°, 4°, 7°, and 10°. The data
showed that these flap deflections provided considersbly reduced
drag coefficlents at lift coeffilclents above the deslgn romge 6fF
the plein airfoil. The variastions of meximwm 1ift, minimum drag,
and pitching moment at minimum drag with flap deflection were
nearly linear, within the range of flan deflections tested. The
measured increments of the pitching moment and of the angle of zero
1ift resulting from flap deflection compared se:bimactorily with .
those celculated from thin-eirfoil theory. S

INTRCDUCTION ' -

Force coefflcients and chordwlse vpressure dilstribublons
obtained in high Reynolds number end low Mach mwmbe: tests of an
NACA 65-210 airfoil equipped with & 50-percent-chord flap are
wesented. The original purpose of the work was to investigate
the following two problems: T

(1) The possibility of increasing the critical lach numbers
of thin airfoile at lift coefficlents sbove the Gesign range by

Jroviding increased cember through the deflection of a large- chord.
fla,_p- . -

(2) The possibility that varisble camber obtained by flap
deflection would peimit the attaimment of low dregs &t 117t
coefficlents ebove the normal airioil design range. S
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In view of the rapid decreese of the criticel Mech mumbers
of thin airfolls outside the desigm range, which is predicted in
the suvnlementary figuros of reference 1, 1t eppeaxs impoirtent
to investigate the possiblility of Increesing the critical Mach
numbers of thin airfoils at 1ift coefficlents shouve the design
range. Recent high-speed work (unpublished data from Ames
Aeronsutical Leboratory) hes lndicated, however, that above the
design 1lift range low-syeed data do nobt suffice to -ermit prediction
of the Mach number at which criticel compressibility effects occur.

Accordingly, the significence of tho first problem appears
at present to be somewhat uncertain. The measwred ressure distri-
butlons and their cowrvelation with thin~airfoll tleory, however,
appear of considexrable interest; the drag results are also of
interest with regard to the attalrment of low drags at 1iit
coefficients above the design range of the plain alxfeoil.

The tests were mede in the Langley two-dimensional low-
turbulence mressure tunnel.

SYMBOLS

c airfoll chord
ca section drag coefficlent
Cq - section 1ift coefflclent
g, o\ sectlion pitchling-moment cocefficlent about aerodynsmic center

cmc/h gection pltching-moment cocefficient about quarter~chord point

H, free-ptream total pressure
Moy critical Mach number

» loceal static pressure

% free-stream dynamlc pressure

R Reynolds number
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B -p
S pressure coefficient (__________o )
. 49
X distance along chord measured firom leading edge

distance perpendicular to chord line meesuwred from chord line

ey section angle of attack
m-,,o angle of zero lift

Bf flap deflection
Subscripts:

mex meximum

min minimum
MOIELS AND TESTS

The models used in the present tests were made of mahogeany
laminaeted in the spenwise direction. Four models, each having a
chord of 24 inches, were made with flap deflections of 0°, 4%, 7°,
and 10°. The flap deflections were obtained by rotating the rear-
ward half of the airfoil shout the point on the lower surface &t
the 50-percent chordwise position. Ordinates for the undeflected
girfoll are given in table I, and the method of deflection is shown
in the sgketch above the table. The method of testing wes the same
es that described in reference 1l for 2-foob-chord models in the
Langley two-dimensional low-turbulence pressure tunnel.

Lift, dreg, and pitching moment were o'btaine% for the flap-
neutral condition at Reynolds nmumbers of 3.0 X 100, 6.0 x 105,

and 9.0 X 106 and for the various flap deflections at a Reynolds
number of 6.0 X 106. Lift and drag with standard roughness applied
to the leading edge were obtained for flap deflections of 00, 4°,
and 7° at a Reynolds number of 6.0 X 106. Pressure distributions
were obbtained for ell the flep deflections &bt & Reynolds mumber

of 6.0 X 11.06 for a range of angle of attack from moderate negative
values to beyond the positive stall. The highest Mach mumber
encountered during the tests was less than 0.15.
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Corrections for the erifects of wind~tumnel wall interference
upon the angle of attack snd tiie serodynamic ccelficilenta weic
made by the methods desciribed in the appendlx of rerersncse 1. The
magnitude of the corrections wus of the order of only a few parcent.

RESULTS AND DISCUCSION

The 1ift, drag, and pitclhiung-moment characteristics for flap
deflections of 09, 4O, 79, end 10° of the NACA 65-2:0 atrfcll
gection areo p::‘esenterl in Plgrves 1 to b, respectively. The
corresnonding pressure distributions are shown in figures 5 to 8.
The pressure distributions for the various flap deflections, as
expected, show peeks on the upper and lower surfaces uneér the
S0-percont chordwise pocition where the direction of the surfece
chenges rapldly. The 1ift coefficients ab which a pressure posk
fivet appears at the nose are incressed by flap deftection.

Tho variations wilth flap deflectlon. of scction maximum 1ift
coefficlent, section minimm drag coefficlent, and section piltching-
momeny coefficient at minimum drog are eshown in tfigure 9 vox a
Reynolds numtexr of 6.0 X 10°. The varistions oFf these cocfFicients
with flap deflection asre nearly lineer. A flap éeflection of 10° -
Increases the maximum 1ift coefficient firam 1.33 to 1.59, increases
the minimm drag coefficient fram 0.0038 to 0.007€, and unegetively
increases the pitching-moment coefficlent from ~0.035 to -0.122.

As has alieedy been implied, tlie critical Mach number that ie
cbtained fiam low-apeed presowrse dletyrlbutions does not defirs tae
break in the curve of 1l1ft ceoefflicicnt zgalnst Mech number for a
glven angle of attack. Actually, outeilde the design renge the
breek may occur at Mech nmmbers conglderably highor than the
predlicted critical Mach numbex ( as shown by unpublished deta fram
Ames Aercnautical Leboratory). Ior the sde of campletcness, however,
curves or prediched critical Masch number apainst low-eresd section
1ift coefficlent (computed ty mesne of tho critical Mach number
chart of reference 1, p. S83) are prescnted in figure 10. The
envelope curve, also drawn 3n figure 10, shows that the smeil flap
deflections provide large increapes in the predicted critical
Mach numbers at moderately high lift coefficients.

The drag curves of figures 1 to & for a Reynolds number of

6.0 X 106 ars plotted togethar in figuro 11 along with thelr ervelore.
Flgw:re 11 shows the lowest drag coefficlents obtainable for the
flepped airfoil as a function of 1ift coefflcient. The highest 1ift
coefficlent for which a ldv draeg coefficient was cbtained was 0.76
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at 5p = 10°. The corresponding drag coefficient » 0.0059, wes much
less than that of the vlain airrfoil at the same 1lift coefficient bub

wes appreclably higher than the drag coefiicients measured on
airfolls deslgned for the higher 1lift rangs.

In order to check the validity of thin-airfoil theory for large-
chord flaps, a comparison is presented in the following teble of the
experimental and calculated increments, due to f£flan deflection, of

the angle of zero lift and the pitching moment sbout the guarter

chiord point:

By C#lculated | Exwverimental|Calculated|Experimental
(deg) g £, Eomofr, | “omey
(aeg) (deg)
ll' 3028 2. 90 ~0. 035 ~0. Oll-O
T 273 5.90 ~.06L ~. 067
lo 8-17 7-90 —l087 "'.087 -

The calculated values in thie table were obtalned by the method of
reference 2. The table indicabes that for a large-chord flap

reasonsbly accurate velves of the engle of zero 1lift and of the '
pitching-moment coefficlient mey he obtained fram thin-airfoil theory.

CONCLUSIONS

Pressure distributions and force measuvements at low Mach numbers
and high Reynolds numbers on an NACA €65-210 eirfoll with a 50-percent-
chord flap deflected 0°, 4°, T7°, and 10° indicated the following
conclusions:

(1) Considerable reduction of the drag coefficients ebove the
low~drag range of the plein airfoll may be sffected 'by uge of small
deflections of a large-chord flap.

(2) The veriations of maximum 1ift, minimm drag, and pitching

moment at minimm drag with flap deflection were nearly lineer within

the range of flap deflections tested.
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(2) Reasonably accurate valves of the angle of zero lift and
the pitching-moment coefficient for sairfolls with large-chord
flaps may be obtained fram thin-airioil theary. - :

Langley Memorlal Aeronautical Laboratory
National Advisory Cammittee i'or Aevaonaviics
Langley Fleld, Va., July 8, 1946
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TABLE I.- ORDINATES FOR THE °
NACA 65-210 AIRFOIL SECTION, &8, =0

[stations and ordinates given in .
percent of airfoil chord

Upper Surface Lower Surface
Station [Ordinate |Stetlion |Ordinate
0
%33 .819 .365 -.719
. Z «999 822 =.859
1'103 1.27% 1.331 | =1.059
2.18; 1.757 2.592 | =1.385
L.898 z.uzl 5.102 | -1.859%
7.391; 3.069 '5.606 =2,221
.85 2.55 10.106 | =2.521
.899 .3 15,101 | =2.992
1 3(2)?. L%%gg 20.091 -2.2)36
§23936 2:23% | 53.080 | 3288
«951 292& 5,049 | -3.894
.568 .0 g 0.032 -5.3@3
.98l 6.02 1i5.016 | =3.
50.000 5.915 50.000 | =5.709
G | R | Bl | 2
e | L | g 2
53g§§ 3,479 | 7h.555 | -1.689
0. 2.78% .9 ~1.191
53:98 | 2930 | 83:35 | il
25:00h | hZsh | op:dks | “iofd
100.000 o] 100.000 0
L.E. radiuss 0.687
Slope of radius through L.E.: 0,084

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Flap deflectlon, &p , deg

Flgure 9.~ Variation of sectlon ccefflclents of maximum 1lift, minimum
drag, and pltching moment at minimum drag with,.flap deflectlion for
the NACA 65-210 airfoil section. R = 6.0 x 106,



Fig. 10

NACA TN No. 1167

i

Ft

21

1

et

I o

=

SHEHHH

iy

sepzdasgynala

'1-t;—'*

Sk
f

_m.”
w I
[ T R T A A

=}

[

vaeriation of predicted critical Mach number with low-speed

section 1ift coefficient for the NACA 65-210 airfoil sdction at

several flap deflectlons.
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11.,= Drag curves for the NACA 65-210 airfoil section at several flap
deflections and their envelopa., R = 6,0 x 106,
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